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NORTH-SOUTH ASYMMETRY OF SOLAR DYNAMO
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An explanation is suggested for the north-south asymmetry of the polar mag-
netic field reversal in the current cycle of solar activity. The contribution of the
Babcock-Leighton mechanism to the poloidal field generation is estimated using
sunspot data for the current activity cycle. Estimations are performed separately
for the northern and southern hemispheres. The contribution of the northern
hemisphere exceeded considerably that of the southern hemisphere during the
initial stage of the cycle. This is the probable reason for the earlier reversal of
the northern polar field. The estimated contributions of the Babcock-Leighton
mechanism are considerably smaller than similar estimations for the previous
activity cycles. A relatively weak (<1G) large-scale polar field can be expected
for the next activity minimum.
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1
INTRODUCTION
The large-scale (longitude-averaged) magnetic field of the Sun has two basic components.
There is a relatively weak (∼ 1 G) poloidal field and a much stronger toroidal field whose
strength counts in thousands Gauss as indicated by the field strength in sunspots. The
poloidal field, nevertheless, dominates at high latitudes as the toroidal filed has to vanish
at the poles for geometrical reasons. Both field components reverse sing from cycle to
cycle of solar activity. 11-year cycles of magnetic energy, or sunspot cycles, and 22-year
magnetic cycles can, therefore, be distinguished.
Reversals of the polar poloidal field occur near the maxima of sunspot activity. The
current 24th solar cycle is distinguished by relatively high north-south asymmetry of
polar field reversal: the northern polar field reversed its sign more than one year before
the southern field (Svalgaard & Kamide 2013; Benevolenskaya 2013; Mordvinov & Yazev
2014). This paper suggests an explanation for this asymmetry from the standpoint of the
dynamo theory.
The dynamo theory explains magnetic cycles by two basic effects - generation of a
toroidal field from a poloidal one by differential rotation and conversion of the toroidal
field back to a poloidal configuration by relatively small-scale cyclonic motions (cf., e.g.,
the monograph of Parker 1979). These two effects are conventionally named the Ω- and
α-effects respectively. The dynamo operates deep in the solar convection zone. Obser-
vational information about its two basic effects is scarce. Therefore, recently obtained
evidence, based on sunspot data, for the action of one of the species of the α-effect known
as the Babcock-Leighton mechanism on the Sun (Erofeev 2004; Dasi-Espuig et al. 2010;
Olemskoy et al. 2013) is valuable. The Babcock-Leightom α-effect is probably the prin-
cipal mechanism for poloidal field generation in the Sun (Choudhuri 2011; Kitchatinov
& Olemskoy 2012). A special feature of this effect is the possibility of estimating its
contribution to poloidal field formation from sunspot data. In this paper, estimations
are performed using the DPD-catalogue of sunspots (Győri et al. 2011; Lefevre & Clette
2014). The estimations are done separately for the northern and southern hemispheres.
We shall see that during the growth phase of the current cycle of solar activity, the
Babcock-Leighton α-effect in the northern hemisphere was considerably larger compared
to the southern hemisphere. Most likely, this was the reason for earlier reversal of the
northern polar field.
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THE METHOD
The Babcock-Leighton mechanism is related to Joy’s law for sunspot groups: spots leading
in rotational motion are located on average closer to the equator than following spots.
The leading and following spots usually have magnetic fields of opposite polarities. The
tilt angle α of the line connecting the centers of gravity of opposite polarities to the
local solar parallel is considered positive if the polarity of the leading spots of a given
cycle is located closer to the equator and negative otherwise. Joy’s law states that the
mean value of the tilt angle is positive and increases with latitude (Hale et al. 1919).
Magnetic fields of active regions possess poloidal components, which contribute to the
mean poloidal field of the Sun upon the active regions’ decay. This mechanism for the
poloidal field generation was proposed by Babcock (1961) and first used in the dynamo
model by Leighton (1969). Upon the active regions’ decay and subsequent diffusion of
their magnetic fields over the solar surface, a major part of magnetic flux is lost due to
annihilation of opposite polarities. Only a small part (∼ 0.1%) of total magnetic flux of
the active regions contributes to the new global poloidal field (Charbonneau 2010).
The following estimation for the contribution of the Babcock-Leighton α-effect to the
poloidal field was suggested (Kitchatinov & Olemskoy 2011):
B =
∑
i
Siℓi sinαi, (1)
where summation is over the solar active regions, S is the area of the largest spot of an
active region (including penumbra) in millionth parts of the solar hemisphere, ℓ is the
distance between the centers of gravity of opposite polarities in kilometers and α is the
tilt angle. Parameters on the right-hand side of (1) are taken at the time of maximum
development of a sunspot group. B of equation (1) is proportional to the total contribution
of the active regions to a large-scale poloidal field. Field strength in sunspots varies in
a not too broad range around 3000G. The magnetic flux of an active region is therefore
assumed proportional to the area S. The poloidal part of the active region magnetic field
is proportional to the meridional projection of the distance ℓ, i.e. to the quantity ℓ sinα,
and it changes sign if the sign of this quantity reverses. Expansion of the contribution of
an active region to the poloidal field in powers of ℓ sinα should, therefore, include only
odd powers. Equation (1) retains only the first linear term of the expansion in the small
parameter ℓ sinα/R⊙.
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The B-values (1) estimated for individual solar cycles correlate well with the polar field
in the activity minima following these cycles (Olemskoy et al. 2013). The correlation evi-
dences participation of the Babcock-Leighton α-effect in the solar dynamo. In this paper,
summation in (1) is performed separately for the northern and southern solar hemispheres.
The difference between the hemispheric contributions to the poloidal field is used for inter-
preting the observed north-south asymmetry of polar fields. Parameters of the eqaution
(1) were taken from the DPD-catalogue of sunspots (http://fenyi.solarobs.unideb.hu/
DPD/index.html; Győri et al. 2011). Data on the polar magnetic fields were taken from
the catalogue of the Wilcox Solar Observatory (http://wso.stanford.edu/Polar.html; Sval-
gaard et al. 1978).
RESULTS AND DISCUSSION
Figure 1 shows the B-values for the northern and southern hemispheres as the functions of
time. Summation in equation (1) was performed by including contributions of the active
regions from the last activity minimum to the current date, on which B thus depends.
Contributions of both hemispheres to the poloidal field do not steadily increase with time.
The contributions decrease sometimes. This is because the distribution of the tilt angles
α is rather broad and extends into the region of negative values (see, e.g., Figure 11 in
Howard 1996). In other words, considerable fluctuations are inherent to the Babcock-
Leighton α-effect (Olemskoy et al. 2013). The fluctuations can be caused by random
flows in the solar convection zone through which the magnetic fields of active regions rise
to the surface, as well as by the superposition of fluctuating and global toroidal fields near
the convection zone base from where they rise (Khlystova & Sokoloff 2009).
Fluctuations are important for the solar dynamo. Variability of the amplitudes and
durations of the activity cycles and even the Grand activity minima can be explained by
the fluctuations (Choudhuri & Karak 2012). The fluctuations may also be the reason for
north-south asymmetry of magnetic activity (Olemskoy & Kitchatinov 2013). It can be
seen in Fig.1 that the northern hemisphere contributed more to the new poloidal field
formation than the southern hemisphere at the beginning of the current activity cycle.
Contributions of both hemispheres become almost equal by the end of 2013 and the B-
value for the southern hemisphere even exceeded that of the northern hemisphere by the
beginning of 2014.
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Fig. 1. The B-values of equation (1) estimated separately for the northern (full line) and
southern (dashed line) hemispheres. The summation (1) covers the time interval from the
last activity minimum to the current date. The B-values are thus date-dependent.
Figure 2 shows that the northern polar field reversed its sign in the middle of 2012
when the B-values of both hemispheres were already nearly equal. The Babcock-Leighton
α-effect acts where active regions are situated, i.e. at the middle and low latitudes.
Accordingly, the poloidal field reversal occurs initially at middle latitudes and it takes
more than a year for the ‘new’ poloidal field to reach the poles (Mordvinov & Yazev 2013;
2014). Reversals of the polar fields in Fig.2 are related to the preceding in time B-values.
The northern hemisphere dominated in these earlier epochs (Fig.1). Earlier reversal of
the northern polar field in the current solar cycle is brought about by the ‘higher activity’
of the α-effect in the northern hemisphere.
The above consideration gives one more evidence for participation of the Babcock-
Leighton α-effect in the solar dynamo. Other species of the α-effect may also participate
(Passos et al. 2014) but the Babcock-Leighton α-effect, most likely, dominates.
It may be noted in Fig.2 that the northern polar field decreased in the second half of
2013. This is probably related to the decrease in B-value of the northern hemisphere in
2012 (Fig.1). At this time, active regions giving negative contributions to the sum of equa-
tion (1) were obviously present in the northern hemisphere to decrease the contribution
of the Babcock-Leighton mechanism to the new poloidal field.
Judging from Fig.1, the total B-value for both hemispheres was ≃ 7 × 108 by the
beginning of 2014. This is about four times smaller than the corresponding values of
activity cycles 19-21 (Kitchatinov & Olemskoy 2011). The current activity cycle is not
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Fig. 2. Mean magnetic field of the northern (full line) and southern (dashed) polar regions of
the Sun in the current activity cycle from the data of the Wilcox Solar Observatory.
yet completed, but if we do not see a considerable increase in B-value in its remainder, the
polar field in the coming activity minimum will be weak (<1G) similar to the previous
minimum. As the strength of activity cycles is proportional to the polar field of preceding
minima (Jiang et al. 2007), this in turn may result in the next 25th solar cycle being low.
This work was supported by the Russian Foundation for Basic research (Project 13-
02-00277).
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